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Provided are a neural network device and a method of 
operation thereof . The neural network device for speaker 
recognition may include : a memory configured to store one 
or more instructions , and a processor configured to generate 
a trained second neural network by training a first neural 
network , for separating a mixed voice signal into individual 
voice signals by executing the one or more instructions , 
generate a second neural network by adding at least one 
layer to the trained first neural network , and generate a 
trained second neural network by training the second neural 
network , for separating the mixed voice signal into the 
individual voice signals and for recognizing a speaker of 
each of the individual voice signals . 
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NEURAL NETWORK DEVICE FOR 
SPEAKER RECOGNITION , AND METHOD 

OF OPERATION THEREOF 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] This application claims priority from Korean Pat 
ent Application No . 10 - 2017 - 0157507 , filed on Nov . 23 , 
2017 in the Korean Intellectual Property Office , the disclo 
sure of which is incorporated herein in its entirety by 
reference . 

10009 ) According to an aspect of an example embodiment , 
provided is a non - transitory computer - readable recording 
medium having recorded thereon a program which , when 
executed by a computer , performs operations that include 
generating a trained first neural network by training a first 
neural network , for separating a mixed voice signal into 
individual voice signals ; generating a second neural network 
by adding at least one layer to the trained first neural 
network ; and generating a trained second neural network by 
training the second neural network , for separating the mixed 
voice signal into the individual voice signals and for rec 
ognizing a speaker of each of the individual voice signals . 

BACKGROUND BRIEF DESCRIPTION OF THE DRAWINGS 
1 . Field 

[ 0002 ] Apparatuses and methods consistent with example 
embodiments relate to a neural network device for speaker 
recognition and a method of operation thereof . 

2 . Description of the Related Art 
10003 ] A neural network refers to a computational archi 
tecture that models a biological brain . Recently , with the 
development of neural network technology , various kinds of 
electronic systems have been actively studied for analyzing 
input data and extracting valid information using a neural 
network device . 
[ 0004 ] In particular , various techniques using the neural 
network are applied to a voice recognition field , and the 
performance of voice recognition or speaker recognition is 
improving 

[ 0010 ] The above and / or other aspects will become appar 
ent and more readily appreciated from the following descrip 
tion of example embodiments , taken in conjunction with the 
accompanying drawings in which : 
[ 0011 ] FIG . 1 is a block diagram of a hardware configu 
ration of a neural network device according to an example 
embodiment ; 
[ 0012 ] FIG . 2 is a view of an example embodiment in 
which a processor trains a first neural network ; 
[ 0013 ] . FIG . 3 is a view of an example embodiment in 
which a processor trains a second neural network ; 
0014 ] . FIG . 4 is a view of an example embodiment in 
which a processor registers a speaker ; 
[ 0015 ] FIG . 5 is a view of an example embodiment in 
which a processor recognizes at least one speaker of at least 
one voice signal ; 
[ 00161 FIG . 6 is a block diagram of a hardware configu 
ration of a neural network device , according to an example 
embodiment ; 
[ 0017 ] FIG . 7 is a flowchart of a method of operating a 
neural network device according to an example embodi 
ment ; and 
[ 0018 ] FIG . 8 is a flowchart of a method of operating a 
neural network device according to an example embodi 
ment . 

SUMMARY 

DETAILED DESCRIPTION 

[ 0005 ] Provided are a neural network device for speaker 
recognition , and a method of operation thereof . 
10006 ] . Additional aspects will be set forth in part in the 
description which follows and , in part , will be apparent from 
the description , or may be learned by practice of the pre 
sented example embodiments . 
[ 0007 ] . According to an aspect of an example embodiment , 
a neural network device for speaker recognition may 
include : a memory configured to store one or more instruc 
tions ; and a processor configured to generate a trained first 
neural network by training a first neural network , for sepa 
rating a mixed voice signal into individual voice signals by 
executing the one or more instructions , generate a second 
neural network by adding at least one layer to the trained 
first neural network , and generate a trained second neural 
network by training the second neural network , for separat 
ing the mixed voice signal into the individual voice signals 
and or recognizing a speaker of each of the individual voice 
signals . 
[ 0008 ] According to an aspect of an example embodiment , 
a method of operating a neural network device for speaker 
recognition may include : generating a trained first neural 
network by training a first neural network , for separating a 
mixed voice signal into individual voice signals , generating 
a second neural network by adding at least one layer to the 
trained first neural network , and generating a trained second 
neural network by training the second neural network , for 
separating the mixed voice signal into individual voice 
signals and to recognize a speaker of each of the individual 
voice signals . 

[ 0019 ] Reference will now be made in detail to example 
embodiments , which are illustrated in the accompanying 
drawings , wherein like reference numerals refer to like 
elements throughout . In this regard , the present example 
embodiments may have different forms and should not be 
construed as being limited to the descriptions set forth 
herein . Accordingly , the example embodiments are merely 
described below , by referring to the figures , to explain 
aspects . As used herein , the term " and / or ” includes any and 
all combinations of one or more of the associated listed 
items . Expressions such as “ at least one of , " when preceding 
a list of elements , modify the entire list of elements and do 
not modify the individual elements of the list . 
0020 ] Throughout the specification , it will be understood 
that when a unit is referred to as being " connected ” to 
another element , it may be directly connected ” to the other 
element or “ electrically connected ” to the other element in 
a state in which intervening elements are present . In addi 
tion , it will be understood that when a unit is referred to as 
" comprising ” another element , it may not exclude the other 
element but may further include the other element unless 
specifically oppositely indicates . 
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10021 ] In the present specification , the terms such as 
" comprise ” or “ include ” should not be construed as neces 
sarily including various elements or processes described in 
the specification , and it should be construed that some of the 
elements or the processes may not be included , or additional 
elements or processes may be further included . 
[ 0022 ] . It is obvious that the following embodiments do not 
limit or define the scope of the present disclosure . Details 
that are easily derivable by one of ordinary skill in the art to 
which the present disclosure pertains based on the detailed 
description and embodiments are construed as being in the 
scope of the present disclosure . Hereinafter , example 
embodiments will be described in detail with reference to 
the attached drawings below based on examples that are just 
for illustration , without limiting the present disclosure . 
[ 0023 ] FIG . 1 is a block diagram of a hardware configu 
ration of a neural network device 10 according to an 
example embodiment . 
[ 0024 ] The neural network device 10 for speaker recog 
nition is implemented with various types of devices such as 
a personal computer ( PC ) , a server device , a mobile device , 
and an embedded device . In more detail , the neural network 
device 10 may be , but is not limited to , a smart phone , a 
tablet device , an augmented reality ( AR ) device , an Internet 
of things ( IoT ) device , an autonomous vehicle , a mobile 
phone , a robot , a medical device , and the like that perform 
voice recognition , speaker recognition , image recognition , 
and image classification . Further , the neural network device 
10 may correspond to a dedicated hardware ( HW ) accelera 
tor mounted on the above - mentioned device . The neural 
network device 10 may be , but is not limited to , an HW 
accelerator such as a neural processing unit ( NPU ) , a tensor 
processing unit ( TPU ) , a neural engine , and the like which 
is a dedicated module for driving a neural network . 
[ 0025 ] Referring to FIG . 1 , the neural network device 10 
may include a processor 110 and a memory 120 . Only 
components related to the present example embodiments are 
shown in the neural network device 10 of FIG . 2 . Therefore , 
it will be understood that the neural network device 10 may 
further include general components other than the compo 
nents in FIG . 1 by one of ordinary skill in the art . 
[ 0026 ] The processor 110 controls general functions for 
operating the neural network device 10 . For example , the 
processor 110 generally controls the neural network device 
10 by executing one or more instructions or programs stored 
in the memory 120 in the neural network device 10 . The 
processor 110 may be implemented by , but is not limited to , 
a central processing unit ( CPU ) , a graphics processing unit 
( GPU ) , an application processor ( AP ) , or the like provided 
in the neural network device 100 . 
[ 0027 ] The memory 120 is hardware for storing various 
data processed in the neural network device 10 . For 
example , the memory 120 may store data processed in the 
neural network device 10 and data to be processed . Further 
more , the memory 120 may store applications , drivers , and 
the like to be executed by the neural network device 10 . The 
memory 120 may include random access memory ( RAM ) 
such as dynamic random access memory ( DRAM ) or static 
random access memory ( SRAM ) , read - only memory 
( ROM ) , electrically erasable programmable read - only 
memory ( EEPROM ) , a compact disc read - only memory 
( CD - ROM ) , a Blu - ray or other optical disk storage device , 
a hard disk drive ( HDD ) , a solid - state drive ( SSD ) , or a flash 
memory 

f0028 ] The processor 110 may generate a first neural 
network trained to separate a mixed voice signal into indi 
vidual voice signals . The mixed voice signal may mean a 
signal in which voice signals of speakers are mixed or 
overlapped due to simultaneous utterance of multiple human 
speakers . In addition , the mixed voice signal may mean a 
signal in which voice signals of the speakers and noise 
signals are mixed or overlapped . Thus , the first neural 
network trained by the processor 110 may separate the 
mixed voice signal into individual voice signals of the 
speakers . Furthermore , the first neural network trained by 
the processor 110 may separate the mixed voice signal into 
an individual voice signal and a noise signal of at least one 
speaker and may repeatedly train ( learn ) a given initial 
neural network to generate a trained neural network . 
[ 0029 ] In a process of training the first neural network , the 
processor 110 may obtain a mixed voice signal as input 
information for the first neural network , and individual voice 
signals in the mixed voice signal as output information for 
the first neural network . According to an example , the 
processor 110 may obtain the input information and output 
information for the first neural network from the memory 
120 . According to another example , the processor 110 may 
obtain the input information and output information for the 
first neural network from an acoustic sensor in the neural 
network device 10 . 
0030 ) The processor 110 may obtain a mixed voice signal 
of a plurality of speakers as the input information for the first 
neural network , and an individual voice signal of each of the 
plurality of speakers as the output information for the first 
neural network . Then , the processor 110 may train the first 
neural network according to the obtained input information 
and output information , and the trained first neural network 
may separate the mixed voice signal into individual voice 
signals . A more specific embodiment will be described 
below with reference to FIG . 2 . 
[ 0031 ] Accordingly , the processor 110 may generate a first 
neural network having a voice separation function through 
the above - described training process . Furthermore , in addi 
tion to the above - described training process , the processor 
110 may generate the first neural network having the voice 
separation function through a training process known to one 
of ordinary skill in the art . 
[ 0032 ] The processor 110 may add at least one layer to the 
trained first neural network to generate a second neural 
network . In a specific embodiment , the processor 110 may 
remove an output layer of the trained first neural network 
and generate the second neural network by connecting at 
least one hidden layer and an output layer to the trained first 
neural network . 
[ 0033 ] The processor 110 may generate a second neural 
network trained to separate a mixed voice signal into indi 
vidual voice signals and to recognize a speaker of each of the 
individual voice signals . Thus , the second neural network 
trained by the processor 110 may separate the mixed voice 
signal into the individual voice signals of the speakers , and 
may recognize a speaker of each of the separated individual 
voice signals . Furthermore , the second neural network 
trained by the processor 110 may also separate the mixed 
voice signal into at least one individual voice signal and a 
noise signal of the speakers and recognize a speaker of the 
separated individual voice signal . 
[ 0034 ] In a process of training the second neural network , 
the processor 110 may obtain a mixed voice signal as input 
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information for the second neural network , and speaker 
identification information for each of the individual voice 
signals in the mixed voice signal as output information for 
the first neural network . The speaker identification informa 
tion may be a multi - class label in which a speaker of each 
of the individual voice signals is labeled for multi - class 
classification . According to an example , the processor 110 
may obtain the input information and output information for 
the second neural network from the memory 120 . According 
to another example , the processor 110 may obtain the input 
information and output information for the second neural 
network from the acoustic sensor in the neural network 
device 10 . 
[ 0035 ] The processor 110 may obtain a mixed voice signal 
of a plurality of speakers as the input information for the 
second neural network , and speaker identification informa 
tion for each of the individual voice signals of the plurality 
of speakers as the output information for the second neural 
network . Then , the processor 110 may train the second 
neural network according to the obtained input information 
and output information , and the trained second neural net 
work may separate the mixed voice signal into individual 
voice signals and recognize a speaker of each of the indi 
vidual voice signals . In addition , since the output informa 
tion is a multi - class label in which a plurality of speakers are 
labeled during the training , the trained second neural net 
work may have a speaker recognition function with multi 
class classification . A more specific embodiment will be 
described below with reference to FIG . 3 . 
[ 0036 ] Accordingly , the neural network device 10 may 
generate a second neural network by adding at least one 
layer to a first neural network having a voice separation 
function , and may train the second neural network to gen 
erate a second neural network having both the voice sepa - 
ration function and the speaker recognition function . In 
addition , since the neural network device 10 continuously 
performs first training for voice separation and second 
training for voice separation and speaker recognition for the 
neural network , the neural network is trained to perform 
voice separation to increase a success rate of the speaker 
recognition . Therefore , the neural network device 10 may 
generate a neural network capable of recognizing a plurality 
of speakers with high performance . 
[ 0037 ] The processor 110 may register a speaker using the 
trained second neural network . In more detail , the processor 
110 may obtain a speaker ' s voice signal . The processor 110 
may then use the trained second neural network to obtain 
feature information for speaker recognition about the speak 
er ' s voice signal . For example , the processor 110 may 
extract an output vector of the last hidden layer of the trained 
second neural network , in which information about the 
speaker ' s voice signal is input , and may obtain feature 
information for speaker recognition about the speaker ' s 
voice signal . In addition , when the information about the 
speaker ' s voice signal is input to the second neural network 
trained in the form of a plurality of frames , the processor 110 
may extract the output vector of the last hidden layer of the 
second neural network for each of the plurality of frames and 
obtain an average vector value of the output vectors of the 
plurality of frames as the feature information for speaker 
recognition . 
[ 0038 ] Thereafter , the processor 110 may store the speaker 
identification information together with the feature informa 
tion for speaker recognition in the memory 120 to register a 

speaker . A more specific embodiment will be described 
below with reference to FIG . 4 . 
[ 0039 ] The processor 110 may recognize at least one 
speaker of a mixed voice signal using the trained second 
neural network . 
0040 ] First , the processor 110 may obtain a mixed voice 
signal . Next , the processor 110 may use the trained second 
neural network to obtain feature information for speaker 
recognition about at least one individual voice signal 
included in the mixed voice signal . In more detail , when the 
processor 110 inputs information about the mixed voice 
signal to the trained second neural network , the trained 
second neural network separates the mixed voice signal into 
at least one individual voice signal and recognizes a speaker 
of the individual voice signal . Here , the processor 110 may 
extract the output vector of the last hidden layer of the 
trained second neural network to obtain feature information 
for speaker recognition about at least one individual voice 
signal included in the mixed voice signal . 
[ 0041 ] Thereafter , the processor 110 may compare the 
feature information for speaker recognition about at least 
one individual voice signal with pre - registered feature infor 
mation for speaker recognition to recognize at least one 
speaker of at least one individual voice signal included in the 
mixed voice signal . In more detail , the processor 110 may 
use a method such as cosine similarity , probabilistic linear 
discriminant analysis ( PLDA ) , or the like as a method for 
determining the degree of similarity between pieces of 
feature information . Thus , the processor 110 may recognize 
which of the speakers ' individual voice signals are mixed in 
the mixed voice signal . A more specific embodiment will be 
described below with reference to FIG . 5 . 
[ 0042 ] Therefore , since the neural network device 10 uses 
a neural network having both a voice separation function 
and a speaker recognition function , it is possible to reduce 
the time required for voice separation and speaker recogni 
tion . Therefore , the neural network device 10 may be 
operated even in a real - time operating environment . 
[ 0043 ] FIG . 2 is a view of an example embodiment in 
which a processor trains a first neural network 201 . 
[ 00441 The processor 110 may generate the first neural 
network 201 including an input layer , hidden layers 1 to 3 , 
and an output layer . FIG . 2 shows , but is not limited to , a 
deep neural network as an example of the first neural 
network 201 . The first neural network 201 may also be a 
convolution neural network or a recurrent neural network as 
a variation of the deep neural network and may be a neural 
network that is a variation of other deep neural networks . 
Furthermore , the number of nodes , the number of hidden 
layers , and the like constituting each layer of the neural 
networks shown in FIGS . 2 to 5 are merely examples , and 
are not limited thereto . 
[ 0045 ] The processor 110 may train the first neural net 
work 201 so that the first neural network 201 separates a 
mixed voice signal into individual voice signals . Specifi 
cally , while training the first neural network 201 , the pro 
cessor 110 may obtain information about a mixed voice 
signal 210 as input information for the first neural network 
201 , and may obtain information about individual voice 
signals 212 and 214 as output information for the first neural 
network 201 . In an example embodiment , the processor 110 
may set a feature of the mixed voice signal 210 as a value 
of an input layer of the first neural network 201 and 
determine a feature of each of the individual voice signals 



US 2019 / 0156837 A1 May 23 , 2019 

212 and 214 as the value of the output layer of the first neural 
network 201 . For example , the processor 110 may use log 
energy and power by frequency band of the mixed voice 
signal 210 and the individual voice signals 212 and 214 to 
extract the features of the mixed voice signal 210 and the 
individual voice signals 212 and 214 . 
[ 0046 ] Therefore , the processor 110 may train the first 
neural network 201 through the mixed voice signal 210 and 
the individual voice signals 212 and 214 . In other words , the 
first neural network 201 may learn that the mixed voice 
signal 210 is separated into the individual voice signals 212 
and 214 through the training by the processor 110 . 
[ 0047 ] Similarly , the processor 110 may train the first 
neural network 201 through a mixed voice signal 220 and 
individual voice signals 222 and 224 , and may also train the 
first neural network 201 through a mixed voice signal 230 
and individual voice signals 232 and 234 . Therefore , the 
processor 110 may train the first neural network 201 through 
the mixed voice signal 210 , 220 , and 230 and the individual 
voice signals 212 , 214 , 222 , 224 , 232 , and 234 . Thus , a first 
neural network 203 trained by the processor 110 may 
separate a mixed voice signal into individual voice signals . 
[ 0048 ] FIG . 3 is a view of an example embodiment in 
which the processor 110 trains a second neural network 301 . 
[ 0049 ] The processor 110 may add at least one layer to the 
trained first neural network 203 of FIG . 2 to generate the 
second neural network 301 . As shown in FIG . 3 , the pro 
cessor 110 may remove an output layer of the trained first 
neural network 203 and simultaneously connect two new 
hidden layers ( hidden layers 4 and 5 ) and a new output layer 
to the trained first neural network 203 to generate the second 
neural network 301 . 
0050 ] The processor 110 may then train the second neural 
network 301 such that the second neural network 301 
separates a mixed voice signal into individual voice signals 
and recognizes speakers of the individual voice signals . 
[ 0051 ] Specifically , while training the second neural net 
work 301 , the processor 110 may obtain information about 
the mixed voice signal 210 as input information for the 
second neural network 301 . Furthermore , the processor 110 
may obtain speaker identification information 312 and 314 
for each of the individual voice signals 212 and 214 as 
output information for the second neural network 301 . In 
other words , the processor 110 may obtain the speaker 
identification information 312 and 314 about each of the 
individual voice signals 212 and 214 uttered by first and 
second speakers . Thus , the processor 110 may train the 
second neural network 301 via the information about the 
mixed voice signal 210 and the speaker identification infor 
mation 312 and 214 about the individual voice signals 212 
and 214 . In other words , the second neural network 301 , 
through training by the processor 110 , may separate the 
mixed voice signal 210 into the individual voice signals 212 
and 214 , and may learn to recognize a speaker of each of the 
individual voice signals 212 and 214 . 
[ 0052 ] . Similarly , the processor 110 may train the second 
neural network 301 via speaker identification information 
322 and 324 on the mixed voice signal 220 and the indi 
vidual voice signals 222 and 224 . Similarly , the processor 
110 may train the second neural network 301 via speaker 
identification information 332 and 334 on the mixed voice 
signal 230 and the individual voice signals 232 and 234 . 
Similarly , the processor 110 may train the second neural 
network 301 via speaker identification information 312 , 314 , 

322 , 324 , 332 , and 334 on the mixed voice signal 210 , 220 , 
and 230 and the individual voice signals 212 , 214 , 222 , 224 , 
232 , and 234 . Thus , a second neural network 303 trained by 
the processor 110 may separate a mixed voice signal into 
individual voice signals , and may recognize speakers of the 
individual voice signals . FIG . 3 shows that input information 
of the second neural network 301 is the same as input 
information of the first neural network 201 of FIG . 2 , but is 
not limited thereto . The input information of the second 
neural network 301 may be different from the input infor 
mation of the first neural network 201 of FIG . 2 . 
[ 0053 ] FIG . 4 is a view of an example embodiment in 
which the processor 110 registers a speaker . 
[ 0054 ] The processor 110 may register a speaker using the 
trained second neural network 303 . 
[ 0055 ] In the registration process , the processor 110 may 
first obtain a speaker ' s voice signal 401 . The processor 110 
may then use the trained second neural network 303 to 
obtain feature information 403 for speaker recognition on 
the speaker ' s voice signal 401 . In more detail , the processor 
110 may extract an output vector of a last hidden layer of the 
trained second neural network 303 , in which information 
about the speaker ' s voice signal 401 is input , and may obtain 
the feature information 403 for speaker recognition on the 
speaker ' s voice signal 401 . 
[ 0056 ] Thereafter , the processor 110 may store the feature 
information 403 for speaker recognition together with 
speaker identification information 405 in the memory 120 to 
register a speaker , and may further update a registration list . 
0057 ] FIG . 5 is a view of an example embodiment in 
which the processor 110 recognizes at least one speaker of 
at least one voice signal . 
[ 0058 ] The processor 110 may obtain a mixed voice signal 
501 . The processor 110 may then use the trained second 
neural network 303 to obtain feature information 507 and 
509 for speaker recognition on individual voice signals 503 
and 505 included in the mixed voice signal 501 . In more 
detail , when information about the mixed voice signal 501 
is input to the trained second neural network 303 , the trained 
second neural network 303 separates the mixed voice signal 
501 into the individual voice signals 503 and 505 and 
recognizes speakers of the individual voice signals 503 and 
505 . Thus , the output vector of the last hidden layer of the 
trained second neural network 303 may include the feature 
information 507 and 509 for speaker recognition on the 
individual voice signals 503 and 505 , respectively . There 
fore , the processor 110 may extract the output vector of the 
last hidden layer of the trained second neural network 303 to 
obtain the feature information 507 and 509 for speaker 
recognition on the individual voice signals 503 and 505 , 
respectively . 
[ 0059 ] Subsequently , the processor 110 may compare each 
of the feature information 507 for speaker recognition and 
the feature information 509 for speaker recognition with 
pre - registered feature information 510 for speaker recogni 
tion . Specifically , the processor 110 may confirm feature 
information for speaker recognition having the highest 
degree of similarity ( e . g . , above a threshold level of simi 
larity ) to the feature information 507 for speaker recognition 
in the pre - registered feature information 510 for speaker 
recognition . The processor 110 may then recognize a 
speaker 512 corresponding to the feature information for 
speaker recognition having the highest degree of similarity 
to the feature information 507 for speaker recognition as a 
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speaker of the individual voice signal 503 . Similarly , the 
processor 110 may recognize a speaker 514 corresponding to 
feature information for speaker recognition having the high 
est degree of similarity to the feature information 509 for 
speaker recognition in the pre - registered feature information 
510 as a speaker of the individual voice signal 505 . 
[ 0060 ] Thus , the processor 110 may recognize the speak 
ers 512 and 514 of the individual voice signals 503 and 505 
included in the mixed voice signal 501 . In other words , the 
processor 110 may recognize that the mixed voice signal 501 
is a voice signal in which the individual voice signals 503 
and 505 of the speakers 512 and 514 are mixed . 
[ 0061 ] FIG . 6 is a block diagram of a hardware configu 
ration of the neural network device 10 , according to an 
example embodiment . 
[ 0062 ] The neural network device 10 may further include 
an acoustic sensor 130 in addition to the processor 110 and 
the memory 120 of FIG . 1 . 
[ 0063 ] The acoustic sensor 130 may include at least one of 
a wideband microphone , a resonator microphone , and a 
narrow band resonator microphone array . 
[ 0064 ] The acoustic sensor 130 may sense a speaker ' s 
voice signal . The processor 110 may then use a trained 
second neural network to obtain feature information for 
speaker recognition about the sensed speaker ' s voice signal . 
Thereafter , the processor 110 may store the obtained feature 
information for speaker recognition together with speaker 
identification information in the memory 120 to register a 
speaker . 
10065 ] The acoustic sensor 130 may sense a mixed voice 
signal . Next , the processor 110 may use the trained second 
neural network to obtain feature information for speaker 
recognition about at least one individual voice signal 
included in the sensed mixed voice signal . Thereafter , the 
processor 110 may compare the feature information for 
speaker recognition about at least one individual voice 
signal with feature information about at least one pre 
registered speaker to recognize at least one speaker of the 
mixed voice signal . 
[ 0066 ] FIG . 7 is a flowchart of a method of operating the 
neural network device 10 , according to an example embodi 
ment . 
100671 . The method shown in FIG . 7 may be performed by 
each component of the neural network device 10 of FIGS . 1 
and 6 , and repeated descriptions thereof will not be given 
herein . 
[ 0068 ] In operation 710 , the neural network device 10 may 
generate a first neural network trained to separate a mixed 
voice signal into individual voice signals . 
[ 0069 ] The neural network device 10 may obtain infor 
mation about a mixed voice signal of a plurality of speakers 
as input information for the first neural network and may 
obtain information about an individual voice signal of each 
of the plurality of speakers as output information for the first 
neural network . Thus , the neural network device 10 may 
generate a trained first neural network via the input infor 
mation and output information for the first neural network . 
[ 0070 ] In operation 720 , the neural network device 10 may 
add at least one layer to the trained first neural network to 
generate a second neural network . 
10071 ] The neural network device 10 may remove an 
output layer of the trained first neural network and generate 

the second neural network by connecting at least one hidden 
layer to the output layer and an output layer to the trained 
first neural network . 
0072 ] In operation 730 , the neural network device 10 may 
generate the second neural network trained to separate a 
mixed voice signal into individual voice signals and to 
recognize a speaker of each of the individual voice signals . 
[ 0073 ] The neural network device 10 may obtain infor 
mation about a mixed voice signal of a plurality of speakers 
as input information for the second neural network and may 
obtain information about an individual voice signal of each 
of the plurality of speakers as output information for the 
second neural network . Thus , the neural network device 10 
may train the second neural network and generate the trained 
second neural network via the input information and output 
information for the second neural network . 
[ 0074 ] FIG . 8 is a flowchart of a method of operating the 
neural network device 10 , according to an example embodi 
ment . 
[ 0075 ] The method shown in FIG . 8 may be performed by 
each component of the neural network device 10 of FIGS . 1 
and 6 , and repeated descriptions thereof will not be given 
herein . 
[ 0076 ] In operation 810 , the neural network device 10 may 
generate a first neural network trained to separate a mixed 
voice signal into individual voice signals . 
[ 0077 ] In operation 820 , the neural network device 10 may 
add at least one layer to the trained first neural network to 
generate a second neural network . 
[ 0078 ] In operation 830 , the neural network device 10 may 
generate the second neural network trained to separate a 
mixed voice signal into individual voice signals and to 
recognize a speaker of each of the individual voice signals . 
[ 0079 ] In operation 840 , the neural network device 10 may 
obtain a mixed voice signal . In more detail , the neural 
network device 10 may obtain a mixed voice signal through 
an acoustic sensor . 
[ 0080 ] In operation 850 , the neural network device 10 may 
recognize at least one speaker of the obtained mixed voice 
signal using the trained second neural network . 
[ 0081 ] Next , the neural network device 10 may use the 
trained second neural network to obtain feature information 
for speaker recognition about at least one individual voice 
signal included in the obtained mixed voice signal . There 
after , the neural network device 10 may compare the feature 
information for speaker recognition about at least one indi 
vidual voice signal with pre - registered feature information 
for speaker recognition to recognize at least one speaker of 
the sensed mixed voice signal . The neural network device 10 
may extract an output vector of the last hidden layer of the 
trained second neural network , in which information about 
the obtained mixed voice signal is input , and may obtain the 
feature information for speaker recognition about at least 
one individual voice signal . 
[ 0082 ] Furthermore , the neural network device 10 may 
obtain a speaker ' s voice signal . In more detail , the neural 
network device 10 may obtain a speaker ' s voice signal 
through an acoustic sensor . The neural network device 10 
may then use the trained second neural network to obtain 
feature information for speaker recognition on the speaker ' s 
voice signal . Thereafter , the neural network device 10 may 
store the obtained feature information for speaker recogni 
tion together with the speaker identification information in 
the memory 120 to register a speaker . 
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[ 0083 ] The device described herein may include a proces 
sor , a memory for storing program data and executing it , a 
permanent storage such as a disk drive , a communication 
port for handling communication with external devices , and 
user interface devices including a touch panel , keys , buttons , 
etc . When software modules or algorithms are involved , 
these software modules may be stored as program instruc 
tions or computer - readable code executable on a processor 
on a computer - readable recording medium . Examples of the 
computer - readable recording medium include magnetic stor 
age media ( e . g . , ROM , RAM , floppy disks , hard disks , etc . ) , 
and optical recording media ( e . g . , CD - ROMs , digital ver 
satile discs ( DVDs ) , etc . ) . The computer - readable recording 
medium can also be distributed over network - coupled com 
puter systems so that the computer - readable code is stored 
and executed in a distributive manner . This media can be 
read by the computer , stored in the memory , and executed by 
the processor . 
[ 0084 ] The present disclosure may be illustrated by func 
tional block formations and various processing operations . 
Such functional blocks may be realized by a multiple 
number of hardware configurations performing particular 
functions and / or software configurations . For example , the 
present disclosure may adopt IC formations such as memory , 
processors , logic units , and look - up tables , which can per 
form various functions by controlling more than one micro 
processor or by other control systems . Similar to formation 
elements being capable of being executable by software 
programming or software factors , the present disclosure may 
be realized by programming or scripting languages such as 
C , C + + , Java and assembler , including various algorithms 
realized by a combination of data structures , processes , 
routines or other programming formations . Functional 
aspects may be realized by algorithms executed in more than 
one processor . Functional aspects may be realized by algo 
rithms executed in more than one processor . In addition , the 
present disclosure may adopt related - art technology for 
electronic environment set - up , signal processing , and / or 
data processing , etc . Terms such as “ mechanism , ” “ ele 
ment , " " means , " and " formation ” may be used , and not 
limited to mechanical and physical formations . The terms 
above may include meanings of series of routines of soft 
ware related to a processor , etc . 
[ 0085 ] The particular implementations shown and 
described herein are illustrative examples and are not 
intended to otherwise limit the scope of the present disclo 
sure in any way . For the sake of brevity , conventional 
electronics , control systems , software development and 
other functional aspects of the systems may not be described 
in detail . Furthermore , the connecting lines or connectors 
shown in the various figures presented are intended to 
represent exemplary functional relationships and / or physical 
or logical couplings between the various elements . It should 
be noted that many alternative or additional functional 
relationships , physical connections or logical connections 
may be present in a practical device . 
0086 ] The use of the terms “ a , ” “ an , ” and “ the ” and 
similar referents in the context of describing the present 
disclosure ( especially in the context of the following claims ) 
are to be construed to cover both the singular and the plural . 
Furthermore , the recitation of ranges of values herein are 
merely intended to serve as a shorthand method of referring 
individually to each separate value falling within the range , 
unless otherwise indicated herein , and each separate value is 

incorporated into the specification as if it were individually 
recited herein . Also , the operations of all methods described 
herein can be performed in any suitable order unless other 
wise indicated herein or otherwise clearly contradicted by 
context . The present disclosure is not limited to the 
described order of the operations . The use of any and all 
examples , or exemplary language ( e . g . , " such as ” ) provided 
herein , is intended merely to better illuminate the example 
embodiments and does not pose a limitation on the scope of 
the present disclosure unless otherwise claimed . Numerous 
modifications and adaptations will be readily apparent to one 
of ordinary skill in the art without departing from the spirit 
and scope of the present disclosure . 
[ 0087 ] According to the example embodiments , the net 
work device consecutively performs first training for voice 
separation and second training for voice separation and 
speaker recognition on a neural network , thereby generating 
a neural network capable of recognizing a plurality of 
speakers with high performance . 
[ 0088 ] Furthermore , according to the example embodi 
ments , since the neural network device uses a neural net 
work having both a voice separation function and a speaker 
recognition function , it is possible to reduce the time 
required for voice separation and speaker recognition . 
Therefore , the neural network device may be operated even 
in a real - time operating environment . 
100891 . It should be understood that example embodiments 
described herein should be considered in a descriptive sense 
only and not for purposes of limitation . Descriptions of 
features or aspects within each example embodiment should 
typically be considered as available for other similar features 
or aspects in other example embodiments . 
10090 ] While one or more example embodiments have 
been described with reference to the figures , it will be 
understood by those of ordinary skill in the art that various 
changes in form and details may be made therein without 
departing from the spirit and scope as defined by the 
following claims . 
What is claimed is : 
1 . A neural network device for speaker recognition , the 

neural network device comprising : 
a memory configured to store one or more instructions ; 

and 
a processor configured to : 

generate a trained first neural network by training a first 
neural network , for separating a mixed voice signal 
into individual voice signals by executing the one or 
more instructions , 

generate a second neural network by adding at least one 
layer to the trained first neural network , and 

generate a trained second neural network by training 
the second neural network , for separating the mixed 
voice signal into the individual voice signals and for 
recognizing a speaker of each of the individual voice 
signals . 

2 . The neural network device of claim 1 , wherein the 
processor is further configured to : 

obtain first information about the mixed voice signal of a 
plurality of speakers as input information for the first 
neural network , 

obtain second information about an individual voice sig 
nal of each of the plurality of speakers as output 
information for the first neural network , and 
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generating a trained second neural network by training the 
second neural network , for separating the mixed voice 
signal into the individual voice signals and for recog 
nizing a speaker of each of the individual voice signals . 

11 . The method of claim 10 , wherein the generating the 
trained first neural network comprises : 

obtaining first information about the mixed voice signal of 
a plurality of speakers as input information for the first 
neural network ; 

obtaining second information about an individual voice 
signal of each of the plurality of speakers as output 
information for the first neural network ; and 

training the first neural network via the input information 
and the output information for the first neural network . 

12 . The method of claim 10 , wherein the generating the 
trained second neural network comprises : 

obtaining information about the mixed voice signal of a 
plurality of speakers as input information for the sec 
ond neural network ; 

obtaining speaker identification information for an indi 
vidual voice signal of each of the plurality of speakers 
as output information for the second neural network ; 
and 

train the first neural network via the input information and 
the output information for the first neural network . 

3 . The neural network device of claim 1 , wherein the 
processor is further configured to : 

obtain information about the mixed voice signal of a 
plurality of speakers as input information for the sec 
ond neural network , 

obtain speaker identification information for an individual 
voice signal of each of the plurality of speakers as 
output information for the second neural network , and 

train the second neural network via the input information 
and the output information for the second neural net 
work . 

4 . The neural network device of claim 1 , wherein the 
processor is further configured to generate the second neural 
network by removing a first output layer of the trained first 
neural network and connecting at least one hidden layer and 
a second output layer to the trained first neural network . 

5 . The neural network device of claim 1 , further com 
prising : 

an acoustic sensor configured to sense the mixed voice 
signal , 

wherein the processor is further configured to recognize at 
least one speaker of the mixed voice signal using the 
trained second neural network . 

6 . The neural network device of claim 5 , wherein the 
processor is further configured to : 

obtain feature information for speaker recognition about 
at least one individual voice signal included in the 
mixed voice signal by using the trained second neural 
network , and 

compare the feature information for speaker recognition 
about the at least one individual voice signal with 
pre - registered feature information for speaker recogni 
tion to recognize the at least one speaker of the mixed 
voice signal . 

7 . The neural network device of claim 6 , wherein the 
processor is further configured to extract an output vector of 
a last hidden layer of the trained second neural network , in 
which information about the mixed voice signal is input , and 
obtain the feature information for speaker recognition about 
at least one individual voice signal . 

8 . The neural network device of claim 5 , wherein the 
acoustic sensor comprises at least one of a wideband micro 
phone , a resonator microphone , and a narrow band resonator 
microphone array . 

9 . The neural network device of claim 1 , further com 
prising : 

an acoustic sensor configured to sense a voice signal of a 
speaker , 

wherein the processor is further configured to obtain 
feature information for speaker recognition about the 
voice signal of the speaker by using the trained second 
neural network , and store the obtained feature infor 
mation for speaker recognition together with the 
speaker identification information in the memory to 
register the speaker . 

10 . A method of operating a neural network device for 
speaker recognition , the method comprising : 

generating a trained first neural network by training a first 
neural network , for separating a mixed voice signal into 
individual voice signals ; 

generating a second neural network by adding at least one 
layer to the trained first neural network ; and 

training the second neural network via the input informa 
tion and the output information for the second neural 
network . 

13 . The method of claim 10 , wherein the generating the 
second neural network comprises generating the second 
neural network by removing an output layer of the trained 
first neural network and connecting at least one hidden layer 
to the output layer . 

14 . The method of claim 10 , further comprising : 
obtaining the mixed voice signal ; and 
recognizing at least one speaker of the mixed voice signal 

using the trained second neural network . 
15 . The method of claim 14 , wherein the recognizing of 

at least one speaker comprises : 
obtaining feature information for speaker recognition 

about at least one individual voice signal included in 
the mixed voice signal by using the trained second 
neural network ; and 

comparing the feature information for speaker recognition 
about the at least one individual voice signal with 
pre - registered feature information for speaker recogni 
tion to recognize the at least one speaker of the mixed 
voice signal . 

16 . The method of claim 15 , wherein the obtaining of 
feature information for speaker recognition about at least 
one individual voice signal comprises extracting an output 
vector of a last hidden layer of the trained second neural 
network , in which information about the mixed voice signal 
is input , and obtaining the feature information for speaker 
recognition about the at least one individual voice signal . 

17 . The method of claim 14 , wherein the obtaining of the 
mixed voice signal comprises sensing the mixed voice signal 
using at least one of a wideband microphone , a resonator 
microphone , and a narrow band resonator microphone array . 

18 . The method of claim 10 , further comprising : 
obtaining a voice signal of a speaker ; 
obtaining feature information for speaker recognition 

about the voice signal of the speaker by using the 
trained second neural network ; and 
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storing the obtained feature information for speaker rec 
ognition together with the speaker identification infor 
mation in the memory to register the speaker . 

19 . A non - transitory computer - readable recording 
medium having recorded thereon a program which , when 
executed by a computer , performs operations comprising : 

generating a trained first neural network by training a first 
neural network , for separating a mixed voice signal into 
individual voice signals ; 

generating a second neural network by adding at least one 
layer to the trained first neural network ; and 

generating a trained second neural network by training the 
second neural network , for separating the mixed voice 
signal into the individual voice signals and for recog 
nizing a speaker of each of the individual voice signals . 


